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50.7 mol%. The cell-wall peptidoglycan type was A4b (L-Orn-D-Asp) and the major fatty acids were C 16 : 0 , C 18 : 1 v9c and C 19 : 1 cyclo 9,10. Therefore, based on phylogenetic, phenotypic and physiological evidence, these strains represent a novel species of the genus Lactobacillus, for which the name Lactobacillus gorillae sp. nov. is proposed. The type strain is KZ01 T (5JCM 19575 T 5DSM 28356 T ).
Lactobacilli are well-studied lactic acid bacteria and have been isolated from various habitats such as fermented food, animal intestines and insect intestines (Irisawa et al., 2014; Killer et al., 2014; Olofsson et al., 2014) . Furthermore, the genus Lactobacillus is now comprised of over 200 recognized species (http://www.bacterio.net/lactobacillus.html). Lactobacilli are commonly found in the gastrointestinal microbiota of a wide range of mammals (Mitsuoka & Kaneuchi, 1977) and each animal species hosts different species of the genus Lactobacillus in their gastrointestinal tracts (Endo et al., 2010) . However, previous studies have mostly focused on the microbiota of humans, livestock or captured animals. Therefore, we have focused on the gastrointestinal microbiota of wild animals (Tsuchida et al., 2014) . In this study, we attempted to isolate and identify novel Lactobacillus strains from various wild animals to determine the host-specific distribution of lactobacilli and factors that affected their distribution.
During a study of lactobacilli in primates, particularly those in the wild, we isolated four previously unidentified strains. We report here a novel species of the genus Lactobacillus that was isolated from the faeces of captive and wild western lowland gorillas.
Fresh gorilla faeces were collected from two captive gorillas (adult female and adult male) at the Kyoto City Zoo in June 2013 and from one wild gorilla (adult female or male) in the Boutiana forest in the Moukalaba-Doudou National Park (MDNP), Gabon. Faeces collected at the Kyoto City Zoo were identified on the basis of their volume and form. In MDNP, we collected faeces by chasing a group of gorillas (designated 'Group Gentil') in November 2009. This group included one silver back male, one black back male, six adult females, eleven juveniles or subadults and four babies. Although the distance between the gorillas and researchers did not allow identification of which individual had defecated, the volume of faeces was visible enough to distinguish faeces of the adult from the juvenile.
The faeces of captive and wild western lowland gorillas were collected in plastic bags with sterile tweezers to eliminate that portion contaminated with soil. A loopful of a faecal specimen was inoculated on LBS (BBL) agar plates. These plates were incubated at 37 u C in an incubator for the faeces of captured gorillas. Anaerobiosis was maintained with Anaeropouch (Mitsubishi Gas Chemical Company). In the field at MDNP, the plates were kept as close to 37 u C as possible under anaerobic conditions using an Anaeropouch as indicated in our previous study (Tsuchida et al., 2014) .
Colonies that developed on the plates were purified on the same medium in the laboratory using several transfers to fresh media. Isolates were grown in GAM broth (Nissui) and used for DNA extraction. After bead-disruption, DNA was extracted using a DNA isolation kit (QuickGeneMini80; Fujifilm).
Nearly complete (approx. 1500 bases) 16S rRNA gene sequences were determined as described previously (Tsukahara & Ushida, 2002) . Partial pheS sequences were amplified by PCR using the primers pheS-21F (59-CAYCCNGCHCGY-GAYATGC-39) and pheS-22R (59-CCWARVCCRAARGC-AAARCC-39) (Naser et al., 2005) . Both amplicons were sequenced at Hokkaido System Science (Sapporo, Japan) using the dye-terminator method. The most similar available sequences, representing the closest relatives of an isolate, were retrieved from public databases. Calculations for pair-wise 16S rRNA and partial pheS gene sequence similarities were made using MEGA version 6.06 (Tamura et al., 2013) . Multiple sequence alignments were prepared using the CLUSTAL W program (Thompson et al., 1994) and phylogenetic trees were reconstructed using the neighbourjoining method (Saitou & Nei, 1987) . Tree topology was evaluated with a bootstrap analysis with 1000 replicates using CLUSTAL W. A minimum-evolution tree with Kimura's two-parameter model (Kimura, 1980 ) and a maximumlikelihood phylogenetic tree were inferred using MEGA version 6.06.
DNA-DNA hybridization was performed among strains KZ01
T , KZ02, KZ03, GG02 and Lactobacillus fermentum JCM 1173
T according to a published method by using photobiotin and microplates (Ezaki et al., 1989 ).
An automated ribotyping device, the RiboPrinter microbial characterization system (Qualicon), was used for ribotyping according to the manufacturer's instructions, with EcoRI used as the restriction enzyme. Ribopatterns were analysed by BioNumerics version 2.5 software (Applied Maths) and were compared by using the Pearson similarity coefficient analysis and the UPGMA algorithm.
Extracted DNA was also subjected to nuclease treatment followed by HPLC analyses to determine DNA G+C content, as described by Kitahara et al. (2005) . Biochemical characteristics were evaluated using API 50 CH and API ZYM systems (bioMérieux), according to the manufacturer's instructions. A growth range test was done using LBS broth at 15 u C and 45 u C for 48 h under anaerobic conditions. Tolerance to NaCl was examined in LBS broth containing 4, 6.5, 8 and 10 % (w/v) NaCl after incubation for 7 days at 37 u C. The proportions of D-and L-lactate were determined enzymically using a DL-lactate test kit (Megazyme). Cellular fatty acid profiles were determined using a Microbial Identification System (MIDI). Cell-wall peptidoglycans were prepared by the method of Kawamoto et al. (1981) and the amino acid contents in peptidoglycans were determined as described by Ahmed et al. (2014) .
This study was conducted non-invasively. 
Strain KZ01
T was a Gram-staining-positive rod with facultatively anaerobic growth. Based on 16S rRNA gene sequence phylogeny, strains KZ01 T , KZ02, KZ03 and GG02 had identical 16S rRNA gene sequences and, using neighbourjoining analysis, clearly belonged to the Lactobacillus reuteri phylogenetic group (Fig. 1) . Maximum-likelihood analysis and minimum-evolution analysis provided similar results (data not shown). L. fermentum JCM 1173 T (96.6 %) was the closest phylogenetic neighbour to strain KZ01 T . Strains KZ01 T , KZ02 and GG02 had identical partial pheS gene sequences. The sequence of KZ01 T exhibited the highest similarity to that of L. fermentum JCM 1173 T (81.2 %), although the phylogeny of these partial pheS gene sequences showed that these isolates were from a species that was clearly different from any known species (Fig. 2) .
DNA-DNA relatedness values between strains KZ01
T , KZ02, KZ03, GG02 and L. fermentum JCM 1173 T were very low (11-22 %). By contract, strains KZ01 T , KZ02, KZ03 and GG02 showed a high level of DNA-DNA relatedness (83-92 %).
Ribotyping with the RiboPrinter system was used to investigate the relationships between strains KZ01 T , KZ02, KZ03 and GG02 and L. fermentum JCM 1173 T (Fig. 3) . A dendrogram based on ribotyping patterns showed a single cluster for the four novel strains. In addition, KZ01
T and genus Lactobacillus (Hammes & Hertel, 2009) (Table 1) . Phenotypic characteristics of the four strains were compared with those of L. fermentum JCM 1173 T and these details are shown in Table 1 .
The cellular fatty acid compositions of the four novel strains included saturated, unsaturated, cyclopropane and summed feature fatty acids ( Table 2 ). The major cellular fatty acids were C 16 : 0 , C 18 : 1 v9c and C 19 : 1 cyclo 9,10. Cellular fatty acid components that were clearly different from those of L. fermentum JCM 1173 T were C 14 : 0 and C 18 : 0 (Table 1) .
The four novel strains and L. fermentum JCM 1173 T contained ornithine, glutamic acid and alanine. The interpeptide bridges of peptidoglycans comprised L-ornithine and D-glutamic acid as diagnostic amino acids, which corresponded to cell-wall peptidoglycan type A4b (Schleifer & Kandler, 1972) .
Based on our analyses with the API 50 CH and API ZYM systems, the novel strains had the same phenotypic pattern as L. fermentum JCM 1173 T , except for cystine arylamidase, naphthol-AS-BI-phosphohydrolase, a-galactosidase and a-glucosidase. Acid production from D-xylose, arbutin, aesculin, salicin, cellobiose, lactose and trehalose showed some variations among the four novel strains. Anaerobic growth of L. gorillae sp. nov. on LBS agar was not observed at 15 u C or 45 u C ( Table 1 ). The four novel strains grew in the presence of 4-6.5 % (w/v) NaCl and only strains KZ01 T , KZ02 and KZ03 grew in the presence of 8 % (w/v) NaCl. None of the isolates grew in the presence of 10 % (w/v) NaCl. They were heterofermentative and both D-and L-lactic acids were produced. In addition to the DNA G+C contents, differential biochemical characteristics and distinctive cellular fatty acid compositions are shown in Table 1 .
Based on the results of this study according to minimal standards for description of new taxa of the genus 100 50 Fig. 3 . Dendrogram illustrating the relatedness of the ribotyping patterns of strains KZ01
T , KZ02, KZ03, GG02 and L. fermentum JCM 1173
T . This dendrogram was analysed using Pearson similarity coefficient analysis and the UPGMA algorithm. Lactobacillus by Mattarelli et al. (2014) , strains KZ01 T , KZ02, KZ03 and GG02 represent a novel species of the genus Lactobacillus. We propose the species name Lactobacillus gorillae sp. nov.
Description of Lactobacillus gorillae sp. nov.
Lactobacillus gorillae (go.ril9lae. N.L. n. Gorilla zoological genus name of the western lowland gorilla; N.L. gen. n. gorillae of the western lowland gorilla).
Cells on LBS agar are rod-shaped (1 mm wide and variable in length, primarily 3-8 mm) with rounded ends and are non-spore-forming. Gram-stain-positive, non-motile, facultative anaerobe. Colonies on LBS agar are 1-2 mm in diameter, white, convex and smooth disc shaped after 48 h at 37 u C under anaerobic conditions. Heterofermentative. Both D-and L-lactic acids are produced. The type strain grows in the presence of 4-8 % (w/v) NaCl but not in the presence of 10 % (w/v) NaCl. Produces acids from ribose, galactose, glucose, fructose, mannose, maltose, melibiose, sucrose and raffinose but not from glycerol, erythritol, Darabinose, L-arabinose, L-xylose, adonitol, methyl b-Dxyloside, sorbose, rhamnose, dulcitol, inositol, mannitol, sorbitol, methyl a-D-mannoside, methyl a-D-glucoside, Nacetylglucosamine, amygdalin, inulin, melezitose, starch, glycogen, xylitol, gentiobiose, turanose, D-lyxose, D-tagatose, D-fucose, L-fucose, D-arabitol, L-arabitol, 2-ketogluconate or 5-ketogluconate. Acid production from D-xylose, arbutin, aesculin, salicin, cellobiose, lactose, trehalose and gluconate is variable. Using the API ZYM system, positive for esterase, esterase lipase, leucine arylamidase, valine arylamidase, phosphatase, a-galactosidase and b-galactosidase but negative for alkaline phosphatase, lipase, cystine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BIphosphohydrolase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosamidase, a-mannosidase and a-fucosidase. The cell-wall peptidoglycan type is A4b (LOrn-D-Asp). The major fatty acids are C 16 : 0 , C 18 : 1 v9c and C 19 : 1 cyclo 9,10.
The type strain is KZ01 T (5JCM 19575 T 5DSM 28356 T ), which was isolated from the faeces of a captive western lowland gorilla. The DNA G+C content of the type strain is 50.7 mol%. 
